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Abstract 



A method and apparatus for the coherent demodulation of a digital signal constituted by digital 
•il^ni? riMributed in the time-frequency space and transmitted in the form of symbols constituted 
bv a SiSex o? N 0X^7^ truancies modulated by a set of said digital elements and 
toadro sTmulneously the digital signal also including reference elements having a ^ value 
Ston in said time frequency space. The method includes a Fourier transform of at least samples of 
a^talSlSiiarSn!355 said reference elements from a frequency domain into a temporal 
^Ti SSS^^lafaUm^ samples in the temporal domain by a rectangular tempora. 
Sow fn Thresholding of the transformed samples in the temporal doma.n to eliminate any 
^moles betow " predetermined threshold, and a reverse Fourier transform of the samples remaining 
alter uM ^^eighhng and thresholding from the temporal domain into the frequency doma.n for 
Election on to sa"d digital signal. The threshold level can be fixed or varied based on the Power level 
oX^^SSng the transmission channel or an estimated pulse response of the transmission 

channel. 
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Ck 




(2) 

1 

BuiB^^g* 5 7 - V c J: o t v 5 i: g T- 1, 

«**» 6»mi««c«naat*R* t*f*B b-tsfi bfc-9- 

7";i/£8iiiJlEb<Rfc*-r£> 20 

ftl^;i/©*£i$l{lgcr J ©fltfctWfcBlOAixS* IB* 
JS 1 (ciBIS©£P^o 
[St5RiH3] H5S3>^Ui'3;i'KA J 5 cr*»e> 6 cr©SSH 

[lf*iB4] BU§3^U">3-'i'K^t+*1"2'fe«)tc:BiIiB 
ia^J^KASBuIB^iiifiB©^^^^©^® & H- 

gg#ii2~3©^-rft*>ti3fB©«^ 30 

©±{a&c{ae-f ?k ig#ijf 1 ci3©©&S3Ssa. 

[it*il7] g{t$ftfetr>r;i/©iwi3&&#j£{3£ 
n5-»#^fc $ M<l©*iPS^ic:t? LV«0^ 
T-fcfK Hii§3B$Pa->-f > r'©Stl?# (N-M) fi©-tfn 
©?iJi:M(i©^^nfeSiPS^©iD»^<t-3T©mic 

[IS#JH8] ^P^iKgStfS^^ffi^nfc^-f 

i-3Tfil^$iT-5}f$©©, *bT, mcmJiB^ 

huIBt^ ^^MI-^^BuiBB^raJlIiSia^^ffiiitagt: 
£-r£Si$5g£&{i;U ^©£fcttiftI3mSS£t££W!8 
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2 

£ B#fS«W££ HljfBa*S^ bt £{g 
b felt > ^©Xftftlf -5 ©PSi: > 

«na«*TMfnasE»* nt-y- > t> £*&&©■*!« * > 

K (f n ) fc©3RHt*ff5SPS4:» 
T©-y- > 7>fcSI'J IE b < 5 » 

immms] mrsm^mmmz^m^ntz^^^^^ 

**;i/gjK£«fcoT3£SI£ftlli$£fim3*i<5Nf@© 

ttsaftj£ffl*ft©*«c ziTrntfLztiz ->>#^©^ 

Buia^w S?^;KI94*«lBI*IBffil«»««t«[4;(ftB* 

«f £ fiipgfSt £ fit x., *©cfcttityl3£m:£i£K*Jfy3 
btiStK ' 

miiBSlii^&tfHuiB^^^^fl-rs^gE^il^. M®i 

[is*ia i o ] ii*ii 9 {ci3«©^^?£4^T-r s 

[0 0 0 1] 

[^ig±©fJffl^] *^Wtts iS*©3WKT-e, -tta 
t>-fe, 7i-^>^^5^tH-r^fi©GJS (u-v 

— 'Mm : Rayleigh Process) ©«S§Tt% * btJtWi: 

©t 1 ^ ^^;wi^©acsit-H-r?>. 

[0 0 0 2] 

[t**©tt'#] #SP.8<±, 1990^11^ 14BtBES©*ffl^ 
^4,881,241 ^lC§3f6^nixt^C COF DM (Co 
ding Orthogonal Frequency Division Multiplex) t b 
TK^ftST^ ^^^^Sfcii^^T-At^bTiSffl 
^•nettt:ES^^nS i b©T-tt'Ecv>o T^-f^ 
^;u»^l©c©->^^Att, iiflSSW^b^SiiB^/l 



(3) »||¥5-7 5 5 6 8 

3 4 
-t-co^-^e^CD^-f y*;HHR©«JEa»*©»E tt»4:b-CWIHIffla*«l«tSMI»<«'E**i'fc**« 

otntt, v J -^?'jo2o(DaiKTss^A J i5]-oMi® bTfi&f^-rs. c©*$t:bT, wtiot, -en^e 
[ooo3] »e»nfcw^b3EriStt» labt^ 

e>©-y->7;u£, i/-u-jftSK:j:45Wi3ixfc«9CD CO 0 0 9] SS>lci¥b< ii, ii{iS§©^©§¥fifliUu 

fi#^#tt**fb©IB««ttT«.fc3««-*-3£i:* s 10 ■i-Tfta^fc^B»a l lF»FB 90 01491 *CI3«3*lS,fc 

*C»CJ:£fflre4b-e. U-K-Vn^> (Eeed-Solom «toT» ±o"C»* 4. 

on) ffl©«F*<bKJ:oTTS*IHt)IM»S*i4- «*<b #©#«©*JjSB:* 3f bV>n D oHC*rbT, ffl#J: »> 'J>«c 

it, WStefctu K^i/KwfWfb©^®©**** 1 ]^ v^©«ff££>gi:-r£-£:T-;&£= 

T-fcS. [0010] 

[ooo4]»e,nt^t-it flF^fbsfifc^-f [^B^As^Lct-sh-rsiss] b*>b&#e>v ens. 

z. 20 B<Jtc:l£3dB -£&&©£> |g|g£tt0.5dB T-b*>&Vi„ d 

©BHC3i»K:«»u-cv**©'efcs. *iMBtt, c©t£ = 

[0 0 1 1] 3&(cffL<& #$gBJ§©@fi<j{±, SBtfHt 

«*»t;*a<b*iifc5 : 'f s^*;na*©3 1 1/ > umi 

fyjcgtfjBu jt^©^A s ®'>*btoe>ix4 j e©«t-5'& 
$ns§fftt«aTT-tt> *«^b©-tn**i.©«26*cw 

-T4ffi«i:fi«©»***S«**&tttti-r*dfctt8r [0 0 12] **Mffl«^©I«Jtt, »e»ix-CV*4«* 

«a«©iMfli"c©« »> *©fc»c, iifli«ttc*v> cne>©«*SK:-r'"eK:#«-rsii-iit*si:«*H 
*R&*^tte»*©aa#m*-rsi:Sfc»*-*« loon] #sgtH©t,? i?oi»it, sgmsns^ 

[0 0 0 7] &Sf*x«x 3tl/>b(HBtt, *©BUI [0 0 14] ttSWfcSasCfcOT^JMBWtt**:* tt 

£Eeic> v^*»jfe*«?jisuc*v^Tt»a«B©H*BuB*ft n©«miftqri6J:r5tta*»*«*"i"*- 

ftfffcffflB-rSIBfcfeB**-*©***. [0 0 15] #«B©««i:»iSttx JHB^lCt., *S 

[0 0 0 8] ^HMIifiiS#S©&^lCll1-S 1990^2 M V^t»ISl/TK«S*iS. b*>b&#<^ -tft&ttttit 

6 BttiRR©{kBttfl : £FR 90 01491^ (1991^1 E31B bT*i>K *jEV>Cflfc&* , *< fc*>tt*n?S4- 

toW©3lfcBW»FJB07/648,8999C»ffc) *>?>*ae>ft5;fr [0016] 

8tfM5*#, c©#i£t±, «»ftttHffllHlf-tt*Vx [BUB&»Jfc-rSfc«>©*S**tWffl3 cft ^ BW 

t, js«*n4^*#aift«*5!*oiHiK«fctt«©« a» ttrafflamiMacaiiSftfc^-f ^;us*cj;o 
h®^^ajtgt3-r5t,©T-fei». c©*ac©i£*w«t# *t:j:o"r««sniPiRcttash6Nffl©ii[*i»a« 



^ o 

[0 0 0 5] Sfi3ftfce*©MPItt«*M$l 

ffi«tt*n©siff ©fg*s h«©«n ? 1— s» yac 

[0 0 0 6] Jurc-fet, 3kV> hffifittfl&#«!a<fc 5 
3dB ©*ij?#£f# Sd-^SrnJfgtt- 5. bA»bfc#&, 



(4) 



l^ga^p 5-7 5 5 6 8 



©ge-c-fto-c, Huifi^-f ^^Mi^^miiB^raMi^ 

«}; o T £ t § t> igfgjifgESCMIifct&Jfcg & 
ip®f!S£*tlfobT§{i bfc-9->7Vl/©g&ft|!|fTU B§ 

(f » ) tcomnzmn u *bt, Sui3*»©^t^ 

raiSI^*>c>JHi£3&SS^C?# £ftfc1t>:r;i>©jM&fti£ 10 

©PK#* J5S * fr 5 *Sft * vj I±* w> a ;i/ F ft a&Jg-T 5 
^gte * * T , ft * * W 3 ;U KttT ©•* > ft «H!l 

[0 0 17] C©#i£C:fcV>TfciU <av^ijT-sf§^n 

*©R*©KfcA,i:;MKrcMr 

t, KiMdJE#«ttjsse3ieisc««fta«rM(#©« 

^i/^;i/©cr s ©fafttf-gcKBiu&A/T-^So ifcx n 20 

ttft4Tf£. ft*V*HU 1B»<b*ftT, ^b^3;i/b*{± 

[0 0 19] ^U3/3;i/H©tWK:»b 
X, RJWdJS*«H:*fc, ««»«»©>WX««F©» 

[0 0 2 0] b < It, »#*l«#att">-f > H-f > 

^fft©±tfcKtfitfrebto&*l5;ib J x "F{ftT-ftoTfc& 

[0021] sit **ife-y->r;i/©a* 30 

i±> Sfi3ft-&^>#;uftfc 9Mfl©aKW*c«b«^ 

Jfc»©*8rtft!K SJEBtHfr-f >1*©*MW (N- 

M) <!©4fD©?iJi:M{i©^g|$ixfcSiPS^©»Dg[{C 

[0 0 2 2] *«ffltt*& % i«nMjftjRfiUt{i^E$n 

m^^iStt^ - 'J x.&3kK. «fc o T nfrfc S i: 1 1- fci£<t 

®fs&©/i&»jfo&fti¥<i-f s©P8ft<iii&> lufafFffi-r 

JteUTg®bfc-y->r;i/©**ftff^S!BS4:s ^(SMiS 
TffrK«*3ftfctf>7;i,fc«j&©li3HHI'>-f > H (f 

ib«**» e»n&* >r;i/©a»«»ft(f 

ogSP&i:, ftMiU miiaiffiffi-f £@P£tt, mJga 

ft 5 * u > 3 ;u k wt©-* > ^ft asuiE b < P*£-r 

[0 0 2 3] »S«fc#»C*HTx *«Wtt> nsrsEi 



jOT**iBi*K:flcis**x4Nfl©ia*«aswjjaR©*a 

5 s * 5>*;WB*ft* fim-rsfc«>©;£i£T-fcoT> bu§3 

•ss^siRftfiix., *©ifcttaaEttas*at:*i?Bi/T 

U^bi 5 * § ^«*r b^UT-miiaaps^ ft JK2£1-3 
Wa«ftaSlW6:«26tttffl!)S'CS, 

[0024] *gg, *«m©Bfl?jtt» aeaaiscfs^ 
■r*itec«-r6**s*©*J»iftsafci-*ci:T?ft 

5. iJiAC, c©ii:H:Sei-*i:#lcxU'>3;i/Kft 
aS^-T 5 c J: K: «t o T ? ti S liip D T- Jfc < s ' 
©»*ftiiA0^-a- 6 - i: t «fc o Xi&m-f S i: § £ * & £ 
ft*. i#i6©2o©^£l±B.EacSL&b-C0 5* J . » 

*u<hu ^n&iiPoiiscswTSfta. 

[0 0 2 5] 

[SdKM] ttTT3&fc»b<E&SftS3Stt50l©*l& 

^©^ftgft nrscfctcBi-ra. biPb&A^ * 

*<DBmxMmztiz>T-*gmt s mmmm*'BA,X'^ 
fcjinafi-cftSo ^©^ai±, ^a^rifse fr 90 01491 

^ (1991^1 ^31BtmSI©^B^I ! lFBUSSN07/648,899 

^ft§fI1-5^i:^3Sffl^ti.S* i s *©{B9K-IR^**x 
St>©T•^i5&:v^„ 

[0 0 2 6] t4 ^^^^ftfiitjI-rs^fflT-© lo© 
i^tt, Willi, l^yu*»iS»fiafcD£E«8a©t: 
v Y l/ - b A«Z50kbitsa«©JS«[ft»««8HH8t© 1 6 

yiyu^ffl^sfiftasfi-rs -^(* 

B^P>*>lCCOFDMffi^?£©W|-CftS. C©^&{C«t 

<b*ntJBj«*ixsaj8i^>^©j>jKj;-3-r*j«s*i 

5. «fi^«t©SlNli?»fl N=8) *»&»^ffl 

(Mittf, n=2 0 4 8) tx-o^iz^^mmx-m. 

tK1--2>di:* s -C-§2). l m©fi8S«i©MI«3Sft 

{f „ } t-rzt. 

f „ =k/t . , k=0 ~N-1 

S^ff^^j.K(t) (C1C-C% k=0 ~N-1, j=-oo~ 
+oo) ©SiSli, 

j.k(t)=gu (t-jTs) 

0 £t ST S ©i:#g k (t)=e 51p,1,kt (pa 

i=w) 

*ftU*©i:*Si«(t)=0 



(5) £fga¥5-7 5 5 6 8 

7 8 

to o 27] se>-ic; sgfiSfts^-^it^fcSt-rx *r ft*. 

(BCDT^^ r r--C*©»fcS8W 1> 1 &<Z>«Xft * [ft 1 ] 

jn-oo k =0 



( t ) = R e ( e 



[0 0 2 8] aeHKD«»R3S«aE©«*OBlHftW* 

-3"5fc8>£» i'V'PJl'rtT^ (inter-symbol jamming) 
fcoMK-TSfctoCHUA (tfiJ^.KN A=t./4) ©»SI9 
m (guard interval) #&{3^¥ j, k (t)©ffiCtt ASft 10 
So t.ttCixW»«^©HPllS**t-*»«:«9T. =t 

. + A©ffflPl£3ifc>U AI±«MFaPOKPl*^1". b 

*j.k(t)=gk (t-jT s ) 

- Agt <t.©fc* gk(t)=e 21 " 1,kt 
*ftJ£l*©i:S gu(t)=0 

Yj,,, =H J , k -Cj, k +N Jlk 

;ct> H Jlk ttnttftf k © jT« fiF£-e©»©»© 20 
J&Sk Nj.u »«*»©#•>*«** Y Jlk fcfc&B#jSj 
T- ©&8fti£}£k •?§{!£ ft & COFD Mflre©9tfc(pro 
jection)*£C?§e>ft£S'>tf;K T^T^Wb^ftS. 
[0 0 2 9] 3tU>hJfe(UI*RllBi:-*"*fc»t, 3 
fcl/> h&£H^Cffi^£ftSlftS£&&IB^B (carrie 
r recovery device ) Jijidl&Of&g©!?® 

H Jlk =/0 4 .„ • e-" hlJ - k (Phi =<6) 
C^T-s Pj.u tt*flI&©J&£©lfiM» <4j.w ttilfaSS 30 
©Jfc£r©ul*S> "t-JfcS. 

[0030] *n*SERrs**i**attt% {iti^Lt 

«ft«*Ci£*»<*LTH«CRBS*ifc»*««* 

*jB^sci:-efcs. cw± v a&ftsnad^© 2 

tfJfcttH £ «fc o T C O F D Mgtt ttHRStC^It IT- 

s T-©-T^T©/i^ftf k tcft-f SiHsBSHj.k ©J6S 40 
©jfFffiteJffSifiilfc (interpolation filtration) C<fco 

ttf scfc^t-sa. .r©^ ^*;i/©aa&tiu A^ft 

s %<btz.tzHZ.fr (convolution ) ©l££i:««fc&©/W 

/V N-l 

H ( k) = L H* 



* ft^ft© ta ^ ©ffifct * ft c a -=> t * ©m 5 £■ -5 fi* t b 
[0031] c©*««*fc5is-r*fe-5 io<o*«i& 

C3?b^3fc£«fc&!ftte£ffl^fc*>©T-fcSo 
tt, tt&© (^ft^fti^©) 7-Ux» (DFT(dir 
ect Fourier transform)) i:> fcUftg^ftSfl 4 ?©-^ > 
(windowing (weighting( ft^f^tt) ))ii, 2* 

© (-en^etvia^©) 7- , ji» (dft) 

[0 0 3 2]*»Wtt, ££>tci¥U<fci:> C®i2SI 
©*&{CH1-S. DFT©lo©*Wft«Hittfc 
fc H c frce*©*****:*©^**^ U v^c 4: t? fc 

fttiU SffiteaafcWSfctofctflR©'^*****^ 

«fc .5£i£T- ft S«»©ft£ & d>fcv*c i:#fc>*> 

s. ©*&e>i\ DFT*w»-r»fe«>©*ai±-r-ec 
#aE-T4©tf, **attt>-f*»«ea*s©KH«»-cJ; 

[0033] Rii©«taitt&£ i o©fimaesi6©sy^r 
(»sp^tc, rb:2©srt-&6. ri*4~6 
4©i6HA i e>ajR?n2>e ) T-a^aa^i&#x-r5c: 

SIHtf, 3lfIES©I'J+»->7'U >^ (sub-sample 
d) *nsffl«E»ja>fl9f©<t*S#trffffi*»5^4:*^I 

tBfcu v = n • rc^ut, 

[ft 2] 

H ( v ) 

ZZX; nfcfc 0 (N-D/R H-l tt2o©S 

iPfS©a8>aS&©ft> T^h5. bfe* J o-t> $IB©'< 

[ft3] _ 

H (v) 

©a»$ftfcaia«^c#Jfc* 

[ft4] 



( v ) • F ( k - v ) 



CCf, v = n-RT6htt H'(v) =H( v) 
v = n • RT-fettfttf H'(v) =0 
F(K- v) ttffl|B©<BttBg8©fltft 
Nffl©»raSftfcffl*T*6 



[ft5] 



50 tt> 



II 



(k) 



(6) 



1WF5-7 5 5 6 8 



10 



mi o] 



H (v) 



H (k) 



(DmfrZtttttzmizz^Tm t>n?). h*(v) 

^©Jfog) ©NfI©g&yiJ£#;l.&i:, -^*i-en©3> 
7-'JxtMh'(n)i:f(n) T-fc »K jSHfcfc^c^ 
[»4] ©&&»&©.£?£«< dfci'T-gSo 

( n ) • f ( n ) 



18] 



h 



( n ) 



l±H(k) CDNdCDS^CDDFT- 1 

h' (n)fctH' (k)©N<!©SJ8©D FT" 1 

f (n) ttF(k) CDNIOl^fflDFT" 1 

• H'(k)i:F(k) ©fS*»e»h'(n)i:f 
(n) ©tt£f#Sfc«)©&DFT (ffltfcftttttfr&ttlflffll 

i^©jg&) i:, • h'(n)£f (n) *mitz1&m£. 



39) . DFTig||£&^£!tff-3-Sfc#>£, Nl±2© 
SIS (^J^.«, N=512 ) &S^R•ri)C:i:A 1 M*UV^„ 
[0 0 3 4] Ellfcfc> d©«fc-5>5\ a{IS&©fSg£i¥{ffli 

10 ©*>:T;i/££fiM-*tt«7-y:E.*i* (DFT) K«fc 

o-^ -i&afl<jfc:£ire«i8;**i5. y„ =H k • c„ + 
[«i 13 

c k 



[«1 2] 



20 



H k 



[ft 9] 



M ( n ) 



«l§{±ifc©«fc-5fc:L-rt#S>ft5. €ya-;H3tt, -r 

©•tfVTVI/ 
[S!tl 3] 



Hk (Ho»H r »H 



an 



H 



0 , 



*30* mi 4] 
. . 0 , H r , 0 , • 



H„-r ) 



• • 0 , H„-, 



N<l©g&©S£&& 1 4 tt % a{aB©fflaHRf5S©U-0- 

[ft 15] _ 
Hk 



h'(n)=h(n) +h(n+N/E) +h 

ft«ttN©M*ic£-3<. 

[0 0 3 5] 02 Ai5«fctfl2 2BI±-eft-eft, ilfiESh 
(n) (^TOJBiStt*at»«aS*TJ*4i:«^Ufc» 

SJ-y-^^y >yC»JStJl-*. R<l©J8j£i£« 
£lo©^l^tt&J8Cvk;:fc{CttJ6T«) fc©>W 

H*©rac*n<K»5*'*» Abfccfctf'W^J&S© 
Kttfc»1-|6*fcfcofc;:i:#.fc<fc*S. 02A©* 



»©^IBflWTf<D»IBlC*f*r4«h*„©^IB«Wt6»S 
<t»3IESgfC{±> DFT-'MOftt 
»6ti4h' B ©NfiflDtf[CDJiJB:a«»©^<fl/^jSiF©l i i l 
<ffi&«!ii£-f £. t>U It^ftWIUcAfnteV^-ex h(n) 
#H(k) ©N«©53HT?tW*n*a»S£lftft}iSl/-Ctt 
ffl£*l*lfc^ H' (k) tiDa»DFT^&f»e>ii%h'(n)U: 
*©J;-5K:^$n2.o 
(n+(2N/R)) + ---- + h(n+(R-l)N/R) 

■St&gtf&S. H&Scmn — ©£#») Ar n .x A**©^ 

Jti;S©fMBh*(n)ttaaft^*^i:v^c:^:*«to<»»s. 
At.., PT/R = t./R CCT, Tl±+f> 

>©s^tMiit>b'r*5»3x Lfctfox, *©7— u** 
»i«*«»i"tf*»a*»©«^©J:?«e«f^©»^»=a 
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Kf(n) i 5*mm-rzztifi!&mx-tbz>o 

f(n) =1 ;;f, nli 0, .(N/E-l) 

f(n) =0 ntt m, ,N-1 

mi 6] 

H k 

4#X*N<l©^t*©l!ifC7-'J^^gl (discrete Fou 
riertransfonn) 1 6 lC«fc-3T£gl£ftS. 10 

[0 0 3 6] lrpO^ffiT-li, afflt^a-M 3 
£ i o T 14 m £ ft £ * > 7*^ 

[ft 17] _ 

H k 

©[ifiC-tfD+J-VTTVU&if Abfc^CfcASnJtg-e&S. d 
©t§^, t^a-;H 4liN/R^'©»l7-'J^ 
&£!^?-rSo -©S& 2 ©#*£&, <fc 9 'i>&^S©StS 
b*>£>§i:b&v^J;a£*-f S. SfetcCDl^. e^f 
> H-f >^1 5fc£, N-N/R<lCD-ifD-9">7";i/0?iJi; 20 
N/Rlfflflh' nffliQSCUl^fJSt-So DFTS^ffrs 

ftSr^X-t, IH^W^StiAD^-y-SClt^ioT, «fc 
[0 0 3 7] #3lfig0iJ£.fcft«s C©gS2©;6i£<&£Effl 

B5££<£fflrsA>{iSi^t£"C&So g&£, DFT"' 
$z&t D F T KifteDn? f £ i: VX § S c: i: tt 

[0 0 3 8] 12 3 3IP££f# ^ftfcjlflSSO^^J^ 

SN/R<i©i®s!sft{ii©3^#s. -©sifciu 

^ftfeS^St©^/^ ^JiW^MAD ^ ft fcMfllOS'Jfl©^ 

#£*-fS. L-fetf-st, c©jl{S»©JSSr©IWliittJS 
vVKW**** l©;i:tt«PaOp D 0 SSfiT?t5. il 40 
^©Jfcgtf^tiWSftSi:^ mmffJtu'iM.m^ 
LT©:3 tl/> rmS3£#rs*Jf#<±3t§tt£fct 3dBf 

HBSKiix 0.5dB ©85HT-&S. 
[0 0 3 9] *%B^©*HS«j)&:^t: .fcftfcf , 3IflS§© 

/v\s7>fa&&i& ; g<D&®*:fflmt s «t -5 Kara? ft s . 

C©fc#\ t^i-;H7iilWSn, d©JS&£PKI?- 
^(threshold) t5. d©^i-;Hifc5*Ui'3 

TTfSMBKafi'* 5>ft ?> <t 5 - U *> a )l> Y 
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2 ittSofc<*iJffl£ftT^&v^£#fcfr£~. frftW 
it. Ltz&^x, ;©lft^u>>3;i/H2 3£l&3£ 

fcfcpfc£U ^fttioTs itm©^2 4* , 24 B , 
43«fctf 2 4 C ft 5. 

[00 4 0] it»H|£tt* »II5^ t)> t *) t>tt±i£<D 
^ 2 ©#*£©*§-&£ -i^f > V^iHSCHUtCfffcft 
So MS$ftS^§t»->7 , ;Ui» s «t t)'J>&^. b*» 

bft#£, ^eft{±*fc, > H-f >y<Dmwtm&%. 

Wk<DMW<DfflXtt£n&* ;i©;£i£fct, C0FDM©Jfc 

toKM:J>bfcft©&#£# : fc£ft"tv , >&. «d>^.tc^ ^eft 
©igv^g|5^-tt^v->3;uK«fc»3^:§ -ebT&l#£ft 
5. MILT^St, Jt#©*HW^a5^ttl^*^ft 

?3 tjltSffi^OU^OiSafc bTSItRSft So 
[0 0 4 1] ^4li, *^B^©HSS0iJ{C«t.5-©«ta'Ee 

^8tlM7li, a^©^u^>3;i/H 3 2©IS$ti: bTIt 

VTVUi'.fcaS^WCfcSiia. fW^ ^ ^ — 3 3 

tt> fffiffi^^i— >l/3 4H^oT-^^.e>ftSiffl ; i L m^© 
mm<r 2 5rlt»C^»)3i^> ^l/->3;i/K©f*S:^-r 
5, COFDM©a^St:^V>T{i, -©cr 2 ©«?8tt 
f ■r*^-^|Jffl^ft•tv^ S c: i: bfeltftK* ?>*v\„ 
«9)^.tc, *^©^M(iv>^>fcsaS:ofe5a ! a^g; i t)S 
Jfc^ft&^tfx €©#IS*SDFT©it»©fc«)©feSV^ 
<ia J ©ifffl©fc«>©V'>-rft©*»©'t-fe5^ i:. 

f S ^©^© i:fS«S?g ft Sffl r S ©t S o 
d©ifffi{i, ^Jx.K, 1988^11^ lSBtzmnoi&BfirIt 
^FR 88 15216 * (1989^11^20B^miSl©*E ! ltt^ 
07/439,Z75^C»JS) K:I3fl$ftfc^ ~> >*;U/iO#]©IS 

[0 0 4 2] teATCiaiBSftSSSflfifcl'ettN fiiS©^!^ 
■> 3 ;uh-|i 5cri: GcrOF^t-feSciitfll^J^ft-CV^ 
So c^-Cff«t©WliffeS. xi/^s^KIt 
Jf*S?a— ;U3 3tt*fes aflWO/Ul/^l&iSrOffFffllift 
ttgccm^Xfts^fc^-t-g, ^JC, ^S©feS^© 
St©lf{ffiftSl»5AftSo »^ «t D^<©^* s ??ffit- 
.ftK, S^©^4>«t^J^;§v^o c©ffi?BS^Ii^^ 
^©fFffi©^®^^^^— ^3 5Ctot4^e.Jx 
S. tya-^3 5tt, COFDMCSf 

§g{Cl-T-{C^bT*f3> |B)^fti:Sfc»^ffiffl?ftT 

$ S ^ f ^{i>'W TTMWd&iX <fe «tV^o 
[0 0 4 3] {fe©^<©^J5K* s ®#lCHtf^ftST-&5 
•5. bfc^ots ±j£$ftfc^S!tw^^^3.-^&M 

£Z<Dfrmftm%.®nznfi?zzt#x-gz>o " m.?r 
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©cr(critical cr) " ©i^5fg©o* t) a s fcUfbvMH 

*. C©i§^ as H\ mUS., mi O-CBER (2 
itM5^ : binary error rate ) tc*ff&-f SSt^tt* L/ 

^;i>©13&£ai-fo 

[0 0 4 4] CCt, H5*#Hll/t» #SSB.SK<k5g 

©»NB:5 1 2T-fc£o ^-n^n^Ts =80//s©«^ 
©i>>#;Mi*r5S)fcfflP!IH. =64>us4*-r5. ^ft^ 10 

gfc Mffcfl-^ tiot sn*. 

P (t) = ( 1/t o ) e" t/t0 fc£U t^O 

to 'tt»K©¥i9i:flWMI2l 
[0 0 4 5] 

[#eH8©8&*] 0 5H\ t o ©tS*P(Sit# 1 U s &c 20 
Sff bV>*§^© 3 r3©fl2®©«3l£ tt«t bT V> 5. 

• ft^(KH • • • 4 1 

• 4Jfii£i£«£ lo©SJpT-r3bL/> h^H • • • 4 
2 

• 8JfijSifiS(C lo©»ipfn h^P • • • 4 
3 

^ixt>©ffil^a:!SS^©l?ACJ;sm*^ (lOlogl/ 
R) T•©}a*&i+S[^3A^^T^^5 (tf&SlttNo -£•©*£& 

Si:, *^©^filci-pT1.6dB (R = 4©i:§) *» 30 

e>2dB (R=8©i:£) ©^ffl©#Jf#£f#S 

■5. glS-fS*:, Mia©iiu©3I{§S&©,'i;i/;*fS&©i i F<ffi 

T-©Jt^£#yi-f s^fctf, ii{is&©5£:£&§ i Ffffi£«fc£ 
ati/>h '&&x-m & *i s aire ©fa 1 atomn 

£&fi£t-££i:&*!Jt6i:^S©"r-fcS. *«8WCJ:*S 
[02A] 

lh(n) 



N/R In/R (R-l'lM/R 
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©i^iiSrff ZtzttolZtitmZhZ&v lo©#i£li, iHfs 

*4tt*D$-B-5^i:T-feSo S^88i£«£©&M = N/R 
tt^ri*©»Ni:lt©bT'J>^V>©T-s i^T-AOSaaiJ 
^©A^^©iSSJ±t)t* ^T-feSo #J&lf> cft£©» 
!MBStttift©S^*fcttttbT1.2 ~2 f£©S±>©S 

[0 0 4 6] 

[HI] 7 — U^^gli:-9->7 , ;i/©PS# 

©:/n \y£H. 

[02 A] -r^TOMBiStt^ttWmStt^ffi^l/^^S 
©3ifIS&©''^^^iS : ^OSlB±©i i F<ffi©0!io 

[B2B] Rffl©«36**IC lo©«lWRa&«feif Ab 

fcig^©ji{i&©^;uxjfcg©gfi±©i¥<ffi©0!l. 

[H3] **w©te»w«*ia**ff bttv^asB©*^, 
fc^B^»&ftfc»iBis©^;i/*jfc*©fffflw>fci. 

[04] ^ U 3 ;b H tfJtW t j£{lii{iS&©>'^l' 

* Jft& t«c#-r 5 *§^©0 1 C S ii S J: -3 &£B© * 

[15] tt^«M©«^jl« 3kU>HW?4fflO« 

fcT- ©*£*©!£©:. 
[W^OftUi] 
11,16 DFT 
14 DFT" 1 
1 2 

1 3 N/R<l©-9->7";i/©JStiU 
1 5 

1 7 U#r*l£ 



[02B] 



.Mn> 

S2 _ 






1 . 








1 , J 



(10) 



5-7 5 5 6 8 




(71)ttlBIA 592042314 

TELED I FFUS I ON DE FR 
ANCE 

7^>^H, 92542 ^>hP— -fe^ 
t:— tr— 518, JVl"< 21-27S 

m 




y^i/^m, 35000 7s ZV — 

i/y=>7 >:niM (T' 
7^>>^H» 35700 

(72)280£# ^jv-r— ft v yu7 

7^ >^S, 35000 u^, ^ 
■7 ^E* 22#ife 
(72)fgW# > - * y ^ h y u — ;u 

:7^>*S, 35700 U*, 'Ji ^ 



